Reducing exposure to lead and noise at outdoor firing ranges by National Institute for Occupational Safety and Health
WORKPLACE SOLUTIONS
From the N ationa l institute for OccupationsS Safety and Health
Reducing Exposure to Lead and 
Noise at Outdoor Firing Ranges
Summary
The N ational Institute for O ccupa­
tional Safety and Health (NIOSH) re­
cently published recom m endations 
for reducing exposure to lead and 
noise at indoor firing ranges [NIOSH 
2009]. However, workers and users 
of outdoor firing ranges m ay be ex­
posed to similar hazards. This follow- 
up docum ent examines exposures at 
these ranges and recom m ends steps 
to reduce such exposures.
Description of Exposure
Affected Population
A ccording to the Bureau of Justice Statis­
tics, m ore than  1.2 m illion Federal, State, 
and local law enforcem ent officers w ork 
in  the U nited States [DOJ 2012, 2011]. 
These officers are required  to tra in  reg­
ularly in  the use of firearm s and m ay be 
exposed to hazardous levels o f lead and 
noise if  they  train  at ou tdoor ranges. In 
addition to law enforcem ent, NIOSH 
estim ates tha t shooting ranges employ 
40,000-60,000 w orkers, and tha t about 
15% of the U.S. population , or 34.4 m il­
lion people, participate in target shooting 
[NSSF 2010].
Exposure Sources
Several studies of outdoor firing ranges 
have show n th a t exposure to  lead  and 
no ise can cause health  problems, partic ­
ularly am ong employees and instructors 
[NIOSH 2011; Tripathi et al. 1991; G old­
berg  et al. 1991]. Lead exposure occurs 
m ainly th rough  inhalation o f lead dust, 
skin contact w ith lead from  bullets, or in ­
gestion (e.g., eating or drinking w ith con­
tam inated hands) [NIOSH 2009]. Workers 
and shooters involved in shooting, cleaning 
operations, collecting casings, and handling 
spent bullets may also be exposed to lead.
Indoor vs. Outdoor Ranges
An estim ated 9,000 non-m ilitary  outdoor 
ranges exist in the U nited States, w ith m il­
lions of pounds of lead from  bullets shot 
annually. Because o u td o o r ranges are 
typically bu ilt in an open area, lead and 
noise are m ore widely dispersed. O u t­
door ranges need less cleaning and m ain­
tenance than  indoor ranges. However, de­
spite the natural ventilation of outdoor 
firing ranges, personal breath ing  zone 
lead levels can exceed the NIOSH recom ­
m ended exposure lim it (REL) and O ccu­
pational Safety and H ealth A dm inistra­
tion (OSHA) perm issible exposure lim it 
(PEL) [M ancuso et al. 2008]. Some out­
door ranges have ballistic baffles overhead 
and concrete walls and structures on the 
sides. The air in these spaces can becom e 
stagnant and lead to increased exposures.
Exposure Limits
Lead
OSHA has established two different lim ­
its for airborne exposure to lead [29 CFR 
1910.1025*]. The action level for airborne 
lead exposure is 30 m icrogram s per cu­
bic m eter o f air ( |ig /m 3) as an 8-hour tim e 
weighted average (TWA). The OSHA PEL 
for airborne exposure to lead is 50 |ig /m 3 
as an 8-hour TWA. For w orkers exposed 
to airborne lead above the action level for 
m ore than 30 days per year, OSHA requires 
blood lead m onitoring every 6 m onths. If 
an employee’s blood lead level (BLL) ex­
ceeds 60 |ig lead/100 g of w hole b lood (or 
the average of the last 3 BLLs is greater than 
50 |ig lead/100 g), the employee m ust be re­
m oved from  fu rther exposure until BLLs 
decline to 40 |ig lead/100 g or less.
T he  N IO SH  REL fo r a irb o rn e  lead  is 
50 |ig /m 3 as an 8-hour TWA.
The U.S. D epartm en t of H ealth  and H u­
m an  S erv ices re co m m en d s  th a t BLLs 
am ong all adults be reduced to <10 |ig/dL 
[DHHS 2011].
Noise
For no ise  exposure, th e  O SHA PEL is 
90 decibels, A -w eighted  (dBA), and  the 
action level is 85 dBA bo th  as an 8-hour
*Code o f  Federal Regulations. See CFR in 
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TWA using a 5-dB exchange rate [29 CFR 1910.95]. The OSHA 
occupational noise standard  states tha t exposures to impulsive 
noise should no t exceed 140 dB peak  sound pressure level (SPL).
The NIOSH REL for noise (8-hour TWA) is 85 dBA using a 
3-dB exchange rate [NIOSH 1998]. NIOSH also recom m ends 
tha t peak  SPL no t exceed 140 dB.
NIOSH Investigations
N IOSH conducted H ealth  H azard Evaluations tha t involved ex­
posure to lead and noise to law enforcem ent officers and em ­
ployees at outdoor firing ranges (Figure 1).
Lead
At a firing range in California, 16 personal breath ing  zone (PBZ) 
air samples and six surface wipe samples were collected for lead. 
The air samples did no t exceed occupational exposure limits 
(REL or PEL) for lead. The highest lead exposure (15 |ig /m 3) was 
m easured on an instructor at the range. Exposures can vary de­
pending  on w eather conditions (particularly w ind speed and di­
rection) and the shooter’s proxim ity to the gun sm oke source. 
The highest levels o f surface contam ination were on the fire­
arm s. Lead was also found on ou tdoor picnic tables w here em ­
ployees ate. C olorim etric w ipe tests identified lead on hands, 
bu t employees had good personal hygiene practices; no lead was 
found on hand wipes after hand  w ashing [NIOSH 2011].
Noise
NIOSH evaluated the noise exposure o f a SWAT team  in Fort 
Collins, CO, during  tra in ing  exercises. H earing was tested be­
fore and im m ediately after tra in ing  sessions. Noise m easure­
m ents were m ade of firearm s and of the protection offered by 
custom ized hearing protectors. M ost officers did n o t show any 
change in  hearing after shooting, bu t the oldest group did show 
m ild hearing loss at h igher frequencies. F irearm  noise was be­
tween 159 and 169 dB, w hich was greater than  the 140 dB peak 
lim it for im pulsive noise. Peak noise reductions from  the ear 
plugs, ear muffs, and custom ized protectors were in  the 30 dB 
range. D ouble hearing protection  (plugs plus muffs) added 
15-20 dB o f additional protection [NIOSH 2003].
Figure 1 . NIOSH exposure  a sse ssm e n t o f Federal law  en ­
fo rc e m e n t o ffice rs  c o n d u c tin g  a live-fire  tra in in g  exercise
Recommendations
Workers and shooters at outdoor firing ranges should take the fol­
lowing steps to protect themselves [NIOSH 2003, 2009, 2011]:
■ A ttend training, follow safe w ork practices, and participate in 
health  m onito ring  program s.
■ R eport sym ptom s to your employer and get m edical atten­
tion  w hen needed:
— Com m on health effects of lead poisoning in adults in ­
clude reproductive effects, nausea, diarrhea, vomiting, 
poor appetite, weight loss, anemia, fatigue, hyperactivity, 
headaches, stomach pain, and kidney problems.
— Exposure to h igh noise levels can cause hearing loss, 
tinnitus (ringing in the ear), stress, h igh b lood pres­
sure, fatigue, and gastro-intestinal problems.
— If you suspect you have had high lead exposure, even if 
you show no sym ptom s, get your BLL tested.
■ Practice good hygiene:
— W ash hands and face w ith soap and w ater or clean 
them  w ith  lead decontam ination wipes after shoot­
ing, handling spent cartridge cases, or cleaning w eap­
ons, especially before eating, drinking, or smoking. 
W ipes for cleaning skin w ithout w ater are com m er­
cially available and should be used if  access to soap 
and w ater is lim ited [NIOSH 2009].
— Change clothes before leaving the range and w ash 
clothes separately from  o ther family clothing.
■ Use personal protective equipm ent (PPE):
— W ear double hearing protection (earplugs and ear- 
muffs) and eye protection w hen shooting.
— Wear a brim m ed cap and tight-fitting clothes for protec­
tion against hot shells and ejected casings if the range’s 
shooting stations are in very close proximity.
— W ear properly-fitted respirators and full protective 
outer clothing for m aintenance activities tha t involve 
close contact w ith  lead dust or spent bullets.
— W ear gloves and eye protection w hen using chemicals 
to clean firearms.
Employers should take the following steps to protect workers
and shooters at firing ranges:
■ C onsider providing non-lead  bullets and non-lead p rim ­
ers (often referred to as “green” or non-toxic” am m unition) 
[NIOSH 2011].
■ If state law perm its, consider providing noise suppressors for 
gun barrels [NIOSH 2011].
■ Establish effective engineering and administrative controls:
— Apply appropriate noise control measures, such as 
sound transm ission barriers (i.e., walls, earthen berm s), 
and absorptive materials such as acoustical treatm ents
and natural vegetative (i.e., plants, trees, grass) buffers 
to lim it noise in nearby areas [MN DNR 2003].
— If possible, use non-porous m aterials, coatings, or 
plastic covers on all contact surfaces to m ake them  
easier to clean.
— Lim it the length of tim e tha t workers and shooters use 
the firing range: rotate assignm ents and provide quiet, 
clean, b reak  areas.
— If you operate a range w ith ballistic or overhead baf­
fles and wall structures, consider using fans behind 
the shooters and pointed  dow n-range in order to p ro ­
vide sufficient air m ovem ent away from  the shooters.
— Routinely clean the range using proper techniques 
and disposal m ethods. Do n o t use d ry  sweeping, w ip­
ing, or dusting. Use w et cleaning and HEPA vacuum s 
only [NIOSH2011].
— C onsider installing w ind speed and direction meters.
■ Post range safety rules and provide authority  to range m as­
ters to enforce them .
■ Provide w orkers and shooters w ith  tra in ing  and inform ation 
about hazards:
— Inform  w orkers and shooters about the im portance 
of hygiene in  reducing potential lead exposures, post 
w arning signs, and provide convenient w ashing facili­
ties to encourage frequent hand washing.
— Prohibit eating, sm oking, chewing gum , or tobacco 
use in areas potentially contam inated w ith lead.
— Inform  pregnant w orkers and shooters about possible 
risks to the fetus.
— Ensure tha t workers are aware of sym ptom s tha t m ay 
indicate a health  problem.
— Tell workers about participating in m edical surveillance 
program s and getting their BLLs tested, even if they 
don’t show symptoms.
■ Review OSHA requirements for medical m onitoring for lead 
(29 CFR 1910.1025(j)) and noise (29 CFR 1910.95(d)(e)(g)(h)).
■ For best m edical and lead m anagem ent practices, consult 
the Association of O ccupational and E nvironm ental Clinics 
[Kosnett et al. 2007].
■ To reduce lead contam ination  at your range, consult the 
EPA’s Best M anagem ent Practices for Lead at O u tdoor Shoot­
ing Ranges [EPA 2001].
■ Establish a hearing conservation program  [NIOSH 2011].
■ Provide w orkers w ith protective equipm ent:
— Provide and encourage the use of double hearing p ro ­
tection devices (earplugs and earmuffs) along w ith hy­
giene and cleaning kits.
— Provide skin protection, eye protection, and NIOSH- 
approved respiratorsf for w orkers who clean lead-con­
tam inated  areas.
— Provide knee or full body pads to lim it transfer o f lead 
to clothing.
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fA written respiratory protection program should be developed and 
implemented that meets the requirements of the OSHA respiratory 
protection standard [29 CFR 1910.134].
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For more information
Mention of any company or product does not constitute endorse­
m ent by NIOSH. In addition, citations to Web sites external to 
NIOSH do not constitute NIOSH endorsement of the sponsor­
ing organizations or their programs or products. Furthermore, 
NIOSH is not responsible for the content of these Web sites.
This document is in the public domain and may be free­
ly copied or reprinted. NIOSH encourages all readers of 
the Workplace Solutions to make them available to all 
interested employers and workers.
As part of the Centers for Disease Control and Prevention, NIOSH 
is the Federal agency responsible for conducting research and mak­
ing recommendations to prevent work-related illness and injuries. 
All Workplace Solutions are based on research studies that show 
how worker exposures to hazardous agents or activities can be sig­
nificantly reduced.
DHHS (NIOSH) Publication No. 2013 -104
More information about firing ranges and NIOSH HHEs on fir­
ing ranges can be found on the NIOSH firing range topic page:
http://www.cdc.gov/niosh/topics/ranges/
General information about noise and lead exposures can be found 
on these NIOSH topic pages:
http://www.cdc.gov/niosh/topics/noise
http://www.cdc.gov/niosh/topics/lead/
To obtain information about other occupational safety and health 
topics, contact NIOSH:
Telephone: I - 8OO-CDC-INFO (1-800-232-4636)
TTY: 1-888-232-6348 ■ E-mail: cdcinfo@cdc.gov
or visit the NIOSH Web site at www.cdc.gov/niosh
For a monthly update on news at NIOSH, subscribe to N IO SH  
eNews by visiting www.cdc.gov/niosh/eNews.
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